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Abstract
The chemisorption energy is formulated in terms of the change in surface magnetic moments. Using such
formulation, we address the question of how the strength of binding of an adsorbate depends on the surface
magnetic moments and vice versa. Our results indicates a possible adsorption energy scaling relationship
in terms surface magnetic moments. We also discuss the condition for the appearance of magnetism due to
chemisorption on an otherwise non-magnetic surface in terms of a modified Stoner criterion.
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I. INTRODUCTION
The effect of surface magnetism on chemisorption and the impact of chemisorption on sur-
face magnetism are both interesting subjects and demand thorough theoretical discussions. In
the literature, we find the mention of both cooperation and rivalry between the magnetism and
chemisorption. For example, some recent works suggest that the chemisorption of molecules
helps the non-magnetic metals to overcome the Stoner criterion and make them ferromagnetic at
room temperature [1]. Similarly chemisorption induced ferromagnetism is reported in Au and Pt
nanoparticles [2, 3]. Such chemisorption induced changes of the magnetic properties of the metal
surface promise various new avenues particularly in the field of spintronics [4–8].
On the other hands, it has been seen that the saturation magnetic moment of the Ni surfaces
decrease due to chemisorption of gases [9, 10]. Conventional catalysts are non-magnetic heavy
metals [11–13], and are not interesting platform for discussing the magnetic properties. The
focus has, however, turned in recent years towards simple 3d-transition metals to be used as cata-
lysts [14]. In most of the cases 3d transition metals are used as alloying elements in either binary
or ternary alloys-catalysts [15, 16]. These materials offer additional degrees of freedom such as
internal strain and magnetic moment when alloyed with traditional heavy metals. Therefore effect
of magnetism on surface reactivity also becoming focus of many recent studies [17–19].
From the theoretical side, the chemisorption can be described by the Newns-Anderson-Grimely
model [20–22] while the metallic ferromagnetism via Stoner model [23]. Within the Stoner
model, the off-set of magnetism depends on the density of states (DOS) at Fermi energy while the
covalent metal-adsorbate binding is described by Newns-Anderson-Grimeley approach in terms
of a coupling between the adsorbate states with the metal states.
It is well-known that chemisorption of the molecules effects the density of states of the metals near
the Fermi-energy. For example, it was proposed that the decrease of the magnetic moment on the
Ni surfaces due to chemisorption of gases are result of the shift of the DOS towards the foot of the
d-bands [9, 10].
In the present work, we formulate the chemisorption energy in terms of the change in magnetic
moments due to the chemisorption. Furthermore, we try to understand the rules for collaborative
and rivalry behaviour of the above two mechanisms. We organize our paper in the following
way: We first do a general formulation of adsorption energy in terms of the chemisorption induced
change in density of states and magnetic moment. We describe the metal surface in terms of Stoner
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Hamiltonian with Bloch states as basis while the adsorbate is described in terms of a localized
states and the coupling between the localized and extended states were introduced as in Newns-
Anderson-Grimley model. Using such an approach we first derive an expression for the adsorption
energy which is dependent on the change in the magnetic moment of the metal surface due to the
adsorption. The interdependence of the magnetic properties and chemisorption are then evaluated
by comparing two phase diagrams obtained from the same model: one is a magnetic phase diagram
which describes howmagnetic moments change due to chemisorption, the other is a chemisorption
phase diagram describing how chemisorption energy changes with respect to change in surface
magnetic moments. Both phase diagrams are obtained by varying the same sets of parameters with
values within the same range. Finally, using the same Hamiltonian in it’s non spin-polarized form,
i,e with an ordinary Newns-Anderson-Grimely model, we deduce an modified Stoner criterion
and analyze how chemisorption may help to overcome the barrier laid by the standard Stoner
criterion. We look for the cases where ferromagnetism can appear in a otherwise non-magnetic
metals surfaces.
II. RELATION BETWEEN THE ADSORPTION ENERGY AND CHANGE IN SURFACE MO-
MENTS
Let mi is the magnetic moment per site of the ferromagnetic surface and m f is the magnetic
moment after the adsorption happened. If D(E) and D˜(E) are the DOS of the metal surface before
and after the adsorption (σ is the spin index), then the change in magnetic moment (δm=m f −mi)
after the chemisorption is given by,
δm=
∫ EF
−∞
[
D˜↑(E)−D↑(E)
]
dE−
[
D˜↓(E)−D↓(E)
]
dE (1)
Where EF is the Fermi energy. If we use D˜σ (E) = Dσ (E)+∆Dσ (E) as DOS of the metal surface
after the adsorption, then the change in magnetic moment can be written in terms of the change in
the density of states: ∆Dσ (E) = D˜σ (E)−Dσ(E).
δm=
∫ EF
−∞
[
∆D↑(E)−∆D↓(E)
]
dE (2)
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The adsorption energy of an adsorbate with renormalized energy level εaσ is given by,
∆E(δm) = ∑
σ
∫ EF+δEF
−∞
ED˜σ (E)dE−∑
σ
∫ EF
−∞
EDσ (E)dE−∑
σ
naσ εaσ
= ∑
σ
∫ EF
−∞
E∆Dσ (E)dE+EF
[
δm−2
∫ EF
−∞
∆D↑(E)dE
]
+∑
σ
naσ (EF − εaσ )
(3)
δEF is the small variation of the Fermi energy upon adsorption, na is the number of electrons in
the adsorbate. To derive the Eq.3, we have used the Eq.2, and the charge neutrality condition as is
given by
∑
σ
∫ EF+δEF
−∞
D˜σ (E)dE−∑
σ
∫ EF
−∞
EDσ (E)dE = ∑
σ
naσ
The Eq.3, gives the adsorption energy of a molecule on a ferromagnetic metal surface with spin
dependent density of states ∆Dσ (E). The first term in the equations refers to the change in the
band energy due to the change in DOS, while second and third term are related to the change
in the magnetic moment of the metal surface due the chemisorption. The last term in the Eq.3
refers the energy separation between the Fermi energy of the metal and the adsorbate energy level.
It is clear that for a metal surface with positive Fermi energy, if the chemisorption enhances it
magnetic moment (δm > 0), this would lead a smaller(less negative) adsorption energy. While if
the chemisorption reduces the magnetic moment (δm< 0), the chemisorption energy will depend
on the magnitude of the reduced moment.
For the non-magnetic surfaces,δm = 0 and 2
∫ EF
−∞ ∆D↓(E)dE =
∫ EF
−∞ ∆D(E)dE, therefore the
Eq.3 reduces to the well-known [24]form,
∆E =
∫ EF
−∞
(E−EF)∆D(E)dE+∑
σ
EF(naσ − εaσ ) (4)
III. ∆E(δm)WITHIN NEWNS-ANDERSON-GRIMLEY-STONERFRAMEWORK
To calculate numerically the adsorption energy for a ferromagnetic metal surface we need to
know ∆Dσ (E) which we obtain within a framework which combines the Newns-Anderson model
with Stoner model as follows.
The Hamiltonian for the metal surface can be written in terms of the Bloch states [25, 26]
HˆM = ∑
k jσ
(
εk j+ I〈n j−σ〉
)
c
†
k jσck jσ = ∑
k jσ
εk, j,σc
†
k jσck jσ (5)
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where I is the Stoner parameter and j refers band index. The adsorbate Hamiltonian can be written
as
Hˆad = ∑
σ
εaσ nˆaσ (6)
Here εaσ is the adsorbate energy level with occupation naσ . The coupling between the two sub-
systems (adsorbate and the surface) is given by,
HˆC = ∑
k, j,σ
Vk, j,σc
†
k, j,σcaσ +h.c (7)
The unperturbed Hamiltonian of the system can be written as, Hˆ0 = HˆM+ Hˆad . While the total
Hamiltonian of the system is given by Hˆ = H0+HC. The change in density of states referred in
the Eq.3 can be obtained as,
∆Dσ (E) = ∆nσ (E)+δ (E− εaσ ) (8)
where ∆nσ (E) = −
1
pi ℑ
(
Gσ (E)−G
0
σ(E)
)
= − 1pi ℑ
[
d
dE
lnDet(1−VG0σ )
]
. Gσ (E) and G
0
σ (E) are
the retarded single electron Green’s function of the coupled and decoupled metal adsorbate system.
It can be shown that, for a particular spin, σ the change in DOS can be written as [24] (also
refer supplemental material),
∆Dσ (E) =−
1
pi
ℑ
[
(1−
dΣ(E)σ
dE
)Gσ ,a(E)
]
(9)
where Σ(E)σ = ∑k
V 2
E−εk−<n−σ>I+iδ
is the spin-dependent self-energy [24, 27]. Gσ ,a is the Green’s
function of the adsorbate after it is adsorbed to the surface. We have ignored the band index and
also assumed the V to be independent of k. The adsorption energy can further be written by using
Eq.3 as,
∆E(δm) =−
1
pi ∑σ
∫ EF
Eℑ
[
(1−
dΣ(E)σ
dE
)Gσ ,a
]
dE+EFδm
+
2EF
pi
∫ EF
ℑ
[
(1−
dΣ(E)↑
dE
)G↑,a
]
dE+∑
σ
naσ (EF − εaσ )
(10)
The self-energy, Σ(E)σ has real and imaginary parts and is usually given by Σ(E)σ = Λ(E)σ −
i∆(E)σ . Where ∆(E)σ = piV
2∑k δ (E−εk−< n
−σ > I)= piV 2∑k δ (E−εk,σ ) = piV
2Dσ (E) is the
imaginary part. The real part is obtained through the Hilbert transform: Λσ (E) =
1
piP
∫ ∆σ (E)
E−E ′ dE
′.
Eq.10 gives the adsorption energy in terms of chemisorption induced surface magnetic moments.
To estimate the mutual dependence of surface moments and adsorption energy, one needs to solve
the Eq.2, Eq.9 and Eq.10 simultaneously.
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IV. NUMERICAL CALCULATIONS AND RESULTS
A. Chemisorption phase diagrams
To understand the effect of magnetism on chemisorption and vice versa we consider a simple
example: The chemisorption of an adsorbate with a single energy level, εa relative to the metal sur-
face with with occupation na. To obtain realistic results for our model calculation, we use realistic
electronic structure as input for the calculation of the self energy Σ(E)σ . We used the electronic
structure of a bcc (110) film of Iron (Fe) to calculate the real and imaginary part of the self ener-
gies (Λ(E)σ , ∆(E)σ ). The Fe (110) surface was modelled as slabs of 2×2 in-plane unit cells and
four atomic layers containing 16 atoms. We performed first-principles calculations are within the
frame-work of Density Functional Theory (DFT) with Perdew-Burke Ernzerhof exchange corre-
lation energy functional [28] based on a generalized gradient approximation. We used a projector
augmented wave method as implemented in Vienna ab-initio simulation package (VASP) [29].
Kohn-Sham wave functions of the valence electrons were expanded in plane wave basis with en-
ergy cut-off of 500 eV. The Brillouin zone sampling was carried out using Monkhorst Pack grid of
5×5×1 k-points. Ionic relaxation was performed using conjugate-gradient method, until forces
on unconstrained atoms were less than 0.04 eV/Angstrom for the non-constrained atoms. Vacuum
of 10 A˚ was included. Dipole corrections were applied along the directions perpendicular to the
metal surface in order to eliminate the unwanted electric fields arising from the asymmetry of the
simulation cell. The structural relaxation were performed for only the top most two Fe layers.
The bottom two layer are fixed to their bulk experimental values. To obtain the inputs for the
model calculation using Eq.9 and Eq.10, the electronic structure inputs of the non-spin polarized
calculations were used.
In the Fig.1(a), we show the adsorbate induced change in magnetic moment (δm) which are
calculated by simultaneously solving the Eq.2 and Eq.9. From Eq.9, it can be understood that δm
depends on three parameters, the coupling constant V, the adsorbate energy level εa and Stoner
parameter I. The Stoner parameter was calculated using a fixed spin moment calculation (refer
the supplemental material). In the Fig.1(a), we show such dependence in the form of a magnetic
phase diagram. By sweeping different values of V and εa, we identify different regions where
surface magnetic moments are reduced/enhanced due to the chemisorption. The initial magnetic
moment per Fe-atom was set to 2.2 muB. We consider the adsorbate occupation as ∑σ naσ = 1.
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From the Fig.1(a), we can clearly notice the dependence of δm on V and εa. The general trend
of the magnetic moment shows a decrement with increase in V . However for the values of V
larger than 0.5 eV,the magnetic moment becomes almost intensive to V and varies very little.
So it appears that effect of chemisorption on the surface magnetic moments has a critical value
of the coupling, beyond which the moments are not effected much. δm < 0 almost everywhere
except εa = −3eV and εa = −2eV . It should be noted that most DFT-based adsorption studies
of atomic adsorbates, such as hydrogen on ferromagnetic surfaces or ferromagnetic islands, report
a decrease in magnetic moment [30]. However, one can see here that magnetic moment can also
increase depending on the adsorbate’s location in energy and the strength of the coupling.
In the Fig.1(b), we show the adsorption energy within the same regions of V and εa as in
Fig.1(a). The adsorption energies are computed using Eq.10. We can see the adsorption energies
follow the change of surface magnetic moments, however such the variation of adsorption energy
with the change in magnetic moment are different for cases εa > 0eV to cases εa < 0eV . For the
cases when εa > 0eV the adsorption energy simply decrease as the magnetic moment increases
while in the case of εa < 0eV when the magnetic moment increase, the adsorption energy first
shows slight increment and finally increase. Such behavior we further illustrate in the Fig.2, where
we show the adsorption energy calculated using Eq.10 with the induced moment δm for εa > 0eV
(Fig.2(a)) and εa < 0eV (Fig.2(b)). It can be noticed that in both cases the adsorption energy shows
universal behaviour. In both cases ∆E can be written as a third order polynomial in terms of δm.
This analysis therefore indicates some sort of scaling relationship of adsorption energies in terms
of the surface magnetic moments.
B. Scaling relationships
If we now imagine that the three levels with εa < 0eV as shown in Fig.2(a) correspond to three
distinct adsorbates with distinct energy levels εa = 1eV , εa = 2eV and εa = 3eV respectively and
see how their adsorption energies are related, we notice that they are linearly dependent to each
other as can be seen from the Fig.3. The scaling relationship can be expressed as
∆E2 = γ1∆E1+β1
∆E3 = γ2∆E1+β2,
(11)
Where ∆E1, ∆E2 and ∆E3 are respectively the adsorption energies for the adsorbate with renormal-
ized energy levels 1,2 and 3eV respectively. The slopes γ1 and γ2 usually depend on the valencies
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of the adsorbates [31, 32]. However, as the valencies are same for all the three adsorbates here,
according to the original formulation of the scaling relationship [31], the slopes should be same
for both cases (i,e γ1 = γ2 = 1). But one can see that it is not the case. This suggests the impor-
tance of the surface descriptors. To say more precisely, as the dependence of ∆E1, ∆E2 and ∆E1 on
the surface magnetic moments δm are not exactly the same, this brings some difference in γ1 and
γ2. Recent studies suggest that the adsorption energies can be written in terms of a set of surface
properties [33],
∆E1 = F({ωi})+α0 ∆E2 = G({ωi})+β0and ∆E3 = H({ωi})+ γ0 (12)
where F , G and H are the functions of the set {ωi} of certain surface properties and α0,
β0 γ0 depend on surface coordination number. In the present case, one can obtain from the
Fig.2(a) that for the case of εa > 0, the functions F, G and H can be obtained from ∆E1 =
251δm+ 730δm2 + 623.21δm3 + 20.13; ∆E2 = 22.5δm+ 95.3δm
2 + 121.65δm3− 0.82; and
∆E3 = 14.36δm+56.92δm
2+82.55δm3−2.23. As
F({ωi})
G({ωi})
6=
F({ωi})
H({ωi})
, γ1 6= γ2. Therefore, it can
be seen that the adsorption energy scaling depends on surface properties as well and for ferro-
magnetic surfaces the most potential descriptor could be the surface magnetic moment itself as is
claimed by other recent study [34].
C. Modified Stoner Criterion due to the chemisorption
Our next objective is to understand how typically a non-magnetic surfaces become ferromag-
netic as is observed by [1, 2]. For this, we consider a nonmagnetic metal surface with density
of states D(E). Let us keep the notations similar to the above case of spin-polarized surface and
just drop the spin index ”σ”. As the surface is on-magnetic, it satisfies the usual Stoner condi-
tion D(EF) < 1, EF is the Fermi energy. If the surface becomes ferromagnetic when it adsorbs a
specific molecule, essentially the following condition has to be satisfied: [D(EF)+∆D(EF)] I ≥ 1
that furthermore sets the condition in accordance with the Eq.(9) as[
D(EF)+Da(EF)+
1
pi
ℑ{
dΣ(E)
dE
Ga(E)}EF
]
I = 1 (13)
The above equation can be thought of as a modified criterion for appearance of ferromagnetism
in an otherwise non-magnetic surface via chemisorption. To demonstrate in a numerical way,
we again consider an hypothetical atomic adsorbate whose energy level we vary from -3.0 eV
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to 3.0 eV and look at the behavior of the (modified) Stoner criterion. In order to be close to a
realistic situation, we consider the electronic structure of (111) surface of Cu (copper) as input.
The surface was modelled as slab of 2× 2 in-plane unit cells and four atomic layers of Cu. The
bottom two layers are fixed to their bulk values. We used the DOS of such system as an input for
the self energy Σ(E). The density of states D(E) appear in Eq.13 corresponds to the the density
of states of the top two layers of he Cu (111) slab. In the Fig.4, we show the real and imaginary
part of the self energy, Σ(E). We then compute the left side of the Eq.13 for different values of
the adsorbate energy and the coupling constants. The results are shown in the Fig.5. We used
value of I=0.5 eV, for the Stoner parameter, which is close to the usual value for Cu [35]. The
blue regions correspond to the non-magnetic states (less than 1.0), while yellow and red regions
are the ferromagnetic ones (greater than 1). First, we see that, for εa > 0.5eV the criterion is
not satisfied for any value of V and the system remains non-magnetic. Next, we see that for
each value of εa < 0.5eV the surface undergoes from non-magnetic to ferromagnetic transition
for certain allowed values of the coupling constant, V. The lower critical value of V, for a given
εa depends on εa itself. Deeper the εa, higher the critical value is. The reason for such behavior
lies on how both Da(EF) and
1
pi ℑ{
dΣ(E)
dE
Ga(E)}EF depends on V and εa. The Fermi energy is
set at zero, here. It is seen that if the adsorbate level is close the Fermi energy of the metal and
the coupling is very small, the modified Stoner criterion is satisfied. For very small coupling the
metal-adsorbate bonding states are very close to the EF of the metal, and the Eq.13 is satisfied
due to the contribution from Da(EF) (refer Fig.6 (a)). For εa < 0 the modified Stoner criterion is
mainly satisfied via 1pi ℑ{
dΣ(E)
dE
Ga(E)}EF as can be seen from Fig.6(b). It can be seen that peak in
1
pi ℑ{
dΣ(E)
dE
Ga(E)}EF move to higher value of coupling as εa goes deeper in energy.
V. CONCLUSIONS
In conclusion, we have studied the problem of chemisorption of molecules on ferromagnetic
metal surfaces by using an approach that combines the Newns-Anderson-Grimely model with the
Stoner model of metallic ferromagnetism. We studied how the strength of chemisorption is related
to the magnitude of the surface moments and vice versa. We also discussed how chemisorp-
tion affects Stoner’s criterion for the appearance of ferromagnetism and therefore allows the non-
magnetic surface to become ferromagnetic. We have discussed how such a process depends on the
position of the adsorbate level and the mixing strength of the adsorbate-metal levels. Even though,
9
this study is more relevant to the adsorbates with single occupied levels, the physical insights we
gather should be useful for studying more complicated molecules on the ferromagnetic surfaces.
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(a)
(b)
FIG. 1. (a)Change in magnetic moment of the surface δm (b) corresponding adsorption energies calculated
from the Eq.10 for for different values of the coupling constant (V) and adsorbate energies (εa)
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FIG. 2. (Color online) The change of adsorption energy with chemisorption induced magnetic moment δm.
The results are shown for three values of εa. (a) for εa > 0 (b)εa < 0
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FIG. 3. (Color online) Linear scaling relationship between the adsorption energies corresponding the ad-
sorbate with renormalized level εa = 1eV , εa = 2eV and εa = 3eV respectively.
15
-10 -5 0 5 10
Energy (eV)
-0.4
-0.2
0
0.2
0.4
Σ(E)
∆(E)
FIG. 4. (Color online) The real and imaginary of part of the self-energy obtained from the density of states
of Cu (111) surface.
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FIG. 5. (Color online) Heat-map of the left side of the Eq.13 for different values of the coupling constant
(V) and adsorbate energies (Ea). Red and yellow regions corresponds to ferromagnetism while the blue
regions correspond to the non-magnetic state.
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FIG. 6. (Color online) (a)The adsorbate DOS at Fermi energy (after chemisorption) as a function of V (b)
(b) 1pi ℑ{
dΣ(E)
dE
Ga(E)}EF as a function of V.
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1
Derivation of the Eq.3 of the manuscript
The adsorption energy is given by,
∆E(δm) =
∑
σ
{
∫ EF+δEF
ED˜σ(E)dE −
∫ EF
EDσ(E)dE − naσεaσ}
=
∑
σ
{
∫ EF
ED˜σ(E)dE +
∫ EF+δEF
EF
ED˜σ(E)dE −
∫ EF
EDσ(E)dE − naσεaσ}
=
∑
σ
{
∫ EF
E∆Dσ(E)dE + EF D˜σ(EF )δEF − naσεaσ}
Now using the charge neutrality condition,
∫ EF+δEF
D˜σ(E)dE −
∫ EF
Dσ(E)dE = naσ
or ∫ EF
∆Dσ(E)dE + D˜σ(EF )δEF = naσ
we get,
∆E(δm) =
∑
σ
∫ EF
E∆Dσ(E)dE − EF
∫ EF
∆Dσ(E)dE +
∑
σ
EF (naσ − εaσ)
=
∑
σ
∫ EF
E∆Dσ(E)dE − EF
∫ EF
∆D↑(E)dE −EF
∫ EF
∆D↓(E)dE
+
∑
σ
EF (naσ − εaσ)
Now by adding and subtracting EF
∫ EF ∆D↑(E)dE to right hand side of the above equation
we get the Eq.3 of the manuscript.
Calculation of the Stoner parameter for the Fe-(110) film
We have have performed the fixed spin moment calculations for the Fe (110) film. The
2
total energy of the film can be written as,
E(m) = E(0) +
1
2
χ−1m2 +
1
4
βm4 (1)
Where E0 corresponds to the contributions from the non-magnetic degrees of freedoms,
χ is the Stoner enhancement of the susceptibility. Therefore, χ−1 = ∂
2E(m)
dE2
. The Stoner
parameter is obtained from the from the following [1]
I =
1
N(EF )
−
2
χ
(2)
We calculate χ by fitting the Eq.1 to the total energy as shown in the Fig.S1. The calculated
value is 0.26.
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FIG. S1: (Color online) Fixed spin moment energy of bcc (110) surface as a function of the magnetic
moment per Fe-atom
4
Derivation of the Eq.9 of the manuscript
The unperturbed Hamiltonian of the system is given by,
H0 =
∑
kσ
εkσc
†
kσckσ +
∑
σ
εaσnaσ (3)
Where the first term represents the metal Hamiltonian, while the second term is that of the
adsorbate. The band index is omitted. The Green’s function of the the unperturbed system
is given by,
G0σ =
1
E −H0 + iδ
(4)
When we switch on the coupling between the two subsytems, the total Hamiltonian becomes,
H = H0 + V
∑
k,j,σ
c
†
kσcaσ + h.c (5)
The Green’s function for the composite system is given by,
Gσ =
1
E −H + iδ
(6)
For each spin, the change in density of states of the metal surface is given by,
∆Dσ(E) = ∆n(E) +
∑
σ
δ(ε− εaσ) (7)
Where,
∆nσ(E) = −
1
pi
Im
(
Gσ(E)−G
0
σ(E)
)
= −
1
pi
Im
(
d
dE
lndet(1− V G0σ)
)
= −
1
pi
Im
d
dE
ln(1− V 2
∑
k
G0kσG
0
aσ)
(8)
Where
G0kσ =
1
E − εkσ + iδ
and
G0aσ =
1
E − εaσ + iδ
5
are free metal and adsorbate Green’s function respectively Therefore from Eq.8
∆nσ(E) = −
1
pi
Im
d
dE
ln(1− V 2
∑
k
1
E − εkσ + iδ
1
E − εaσ + iδ
)
= −
1
pi
Im
d
dE
ln(1−
Σσ(E)
E − εaσ + iδ
)
= −
1
pi
Im
d
dE
[ln(E − εaσ − Σσ(E)− ln(E − εaσ + iδ)]
(9)
Using the identity below,
d
dx
lnu(x) =
u′(x)
u(x)
we get
∆nσ(E) = −
1
pi
Im
[
(1− dΣσ(E)
dE
)
E − εaσ − Σσ(E)
]
− δ(E − εaσ)
after rearranging we get,
∆nσ(E) + δ(E − εaσ) = −
1
pi
Im
[
(1− dΣσ(E)
dE
)
E − εaσ − Σσ(E)
]
∆Dσ(E) = −
1
pi
Im
[
(1− dΣσ(E)
dE
)
E − εaσ − Σσ(E)
]
= −
1
pi
Im
[
(1−
dΣσ(E)
dE
)Gaσ(E)
]
(10)
The above equation gives the change in DOS of the adsorbent for a spin σ due to chemisorp-
tion. This is used in the manuscript to obtain the most important physical parameters such
as adsorption energy, change in surface magnetic moments etc.
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